The impact of acute anal stretch on the pelvic-urethra reflex potentiation was examined in urethane-anesthetized rats by recording the external urethra sphincter electromyogram (EUSE) activity evoked by the pelvic afferent stimulation. Test stimulation (TS, 1 stimulation/30 sec) evoked a baseline reflex activity with a single action potential that was abolished by gallamine (5 mg/kg, i.v.). On the other hand, the repetitive stimulation (RS, 1 stimulation/1 sec) induced spinal reflex potentiation (SRP) that was attenuated by intrathecal CNQX (a glutamatergic AMPA receptor antagonist, 100 μM, 10 μl) and APV (a glutamatergic NMDA antagonist, 100 μM, 10 μl). Acute anal stretch using a mosquito clamp with a distance of 4 mm exhibited no effect, while with distances of 8 mm attenuated and of 12 mm abolished the repetitive stimulation-induced SRP. Intrathecal NMDA (100 μM, 10 μl) reversed the abolition on SRP caused by anal stretch. On the other hand, pretreated bicuculline (GABA A receptor antagonist, 100 μM, 10 μl) but not hydroxysaclofen (GABA B receptor antagonist) counteracted the abolition on the repetitive stimulation-induced SRP caused by the anal stretch. All the results suggested that anal stretch may be used as an adjunct to assist voiding dysfunction in patients with overactive urethra sphincter, and that GABAergic neurotransmission is important in the neural mechanisms underlying external urethra sphincter activity inhibited by anal stretch.
INTRODUCTION
The mechanism involved in micturition, which is the result of coordination between bladder detrusor and outlet, is intricate. Both elements, the detrusor and outlet, maintain a sound cycle of storage and evacuation that is controlled by a group of reflex and voluntary actions (Shefchyk, 2002) . During the storage phase of a micturition cycle, detrusor relaxes and urethra contracts to produce continence; while detrusor contracts in associated with sphincter relax to void urine during the evacuation phase. Inhibition of external urethra sphincter (EUS) activity during evacuation is essential for sufficient bladder emptying (Fedirchuk et al., 1994;  Sackman and Sims 1990). The absence of suppression on external urethra sphincter activity during voiding is one feature of pathological condition referred to as detrusorsphincter dyssynergia (Sethi et al., 1989) . Such a dyssynergic sphincter contraction results in high intravesical pressure and residual urine. Therefore, to achieve near normal voiding function in patients with detrusor-sphincter dyssynergia, outlet resistance should be reduced.
Arising from the puborectalis muscle, EUS innervated by the perineal branch of the pudendal nerve and external anal sphincter (EAS) innervated by the rectal branch of the pudendal nerve, are both striated skeletal muscles that contract and relax voluntarily. A study investigating the coordination between the EUS and EAS muscles demonstrated these muscles shared in reflex actions as in dilatation and closing anal reflexes (Shafik, 1991) . It is intersting that inserting examining fingers into anus for anal stretch caused marked inhibition of the electromyogram (EMG) activity in both EUS and EAS (Rodriquez and Awad, 1979) . In able-bodied persons, EMG recording from the EUS and EAS during micturition and cystometry also showed simultaneous electric activity in these muscles (Scott et al. 1964 Cross-talk via the convergent neural pathways within the lumbosacral spinal cord is important for the normal regulation of sexual, bowel and bladder functions (Janig and Koltzenbug, 1990; Pezzone et al, 2005) . Alterations in these convergent neural pathways cause a pathological mechanism by which injury or inflammation in one organ may lead to modifications in the function of other organs (Aziz and Thompson, 1998) . In the pelvis, chemical and mechanical irritation in urethra may enhance the activity of not only striated urethra sphincter muscle itself, but also external anal sphincter, implying a neural mediated cross-talk existed between external anal and urethra sphincter (Thor and Muhlhauser, 1999).
The pelvic-urethra reflex activity is presumed to be involved in the developing The identity of neurotransmitters responsible for EUS suppression during micturition, acting at receptors either on motoneurons, interneurons or central sensory afferent terminals, is not well known (Shefchyk et al. 1998 ). GABAergic terminals have been shown on EUS motoneuron cell bodies and dendrites of motoneurons within Onuf's nucleus (Ramirez-Leon and Ulfhake 1993). In both human studies (Nanninga et al. 1989; Steers et al. 1992 ) and animal experiments (Maggi et al. 1987; Magora t al. 1989 ), administration of the γ -Aminobutyric acid (GABA) agonist baclofen has been shown to decrease not only limb reflex output but also bladder and EUS activity. It has also been reported that intrathecal injection of GABAergic antagonists promotes the micturition reflex (Igawa et al. 1993 ). All these studies suggested GABAergic neurons are involved in the inhibitory pathway of EUS.
To shed light on the issue, whether anus distension may relief or attenuate detrusor-urethra sphincter dyssynergia by suppressing the urethra activity, we investigated the impact of anal distension on the induction of spinal reflex potentiation in the pelvic-urethra reflex activity. In addition, the possible neurotransmitters involved were also studied to clarify the mechanisms underlies this phenomenon.
EXPERIMENTAL PROCEDURES

Animal Preparations
Adult female Wistar rats weighing 200 to 250 g were anesthetized using an intraperitoneal injection of urethane (i.p., 1.2 g/kg). The animal care and the experimental protocol were in accordance with the guidelines of the National Science
Council of Taiwan and the guidelines of the National Institute of Health Care for the 6 Care and Use of Laboratory Animals (NIH Publications No. 80-23) revised in 1996.
All efforts were made to minimize both animal suffering and the number of animals used throughout this study. This study was reviewed and approved by the Institutional Review Board of Chung-Shan Medical University in Taichung 
Intrathecal catheter
The occipital crest of the skull was exposed and the atlanto-occipital membrane was A solution of identical volume to the tested agents was dispensed intrathecally to serve as a vehicle. At the end of the experiment, the location of the injection site was marked by an injection of Alcian blue (2 %, 10 μl). The volume of drug injection into the spinal cord in such experiment was ever reported to spread 0.5 to 1.5 mm from the site of injection (9) . Therefore, a cannula positioned more than 0.5 mm away from the intended site of injection was not included in the statistical analysis.
Experimental arrangement
Recording the numbers of action potentials evoked by the electric shocks assessed the pelvic-urethra reflex activity. The schematic arrangement of external urethra sphincter electromyogram (EUSE) recording as well as the pelvic afferent nerve fiber stimulation is shown in figure 1A . In the beginning of all experiments, we manipulated the stimulation intensity, and an electric intensity that caused a single spike action potential in the reflex activity was used to standardize the baseline reflex activity. This intensity was then used for stimulation throughout each experiment. The protocol for assessing the effects of electrical stimulation and different kinds of reagent/maneuver on the reflex activity was as follows: Statistical analysis of the data was performed by means of ANOVA, in all cases, a Pvalue of less than 0.05 was considered to indicate stastistical significance.
RESULTS
Baseline reflex activity and reflex potentiation
As shown in figure 1C , 
Glutamatergic agonists and antagonists
As shown in Figure 1C 
Effects of anal stretch
As showed in figure 2A , 
GABAergic antagonists
As shown in figures 3A and 4A, the repetitive stimulation-induced reflex potentiation was abolished by anal stretch with a distance of 12 mm (RS+D12), intrathecal pretreatment of hydroxysaclofen, a GABA B receptor antagonist, exhibited no effect on the abolition caused by anal stretch ( figure 4A, RS+D12+SCF ). On the other hand, as shown in figure 3A , pretreatment of bicuculline, a GABA A receptor antagonist, partly restored the reflex potentiation (RS+D12+BCL). The summarized data in figure 3B and 4B shows bicuculline (RS+D12+BCL, p<0.05, N=7) but not hydroxysaclofen (RS+D12+SCF, p>0.05, N=7) reversed the attenuation in the mean spike number caused by anal stretch with a distance of 12 mm (RS+D12).
Cystometric investigation
In three animals, after a ligation was made at the bladder trigone, the urinary bladder was connected to a volume reservoir and a pressure transducer (figure 5A) as described in elsewhere (Liao et al., 2007a) . As shown in figure 5A , no spontaneous firing was recorded in the electromyogram activity when the pressure reservoir was positioned at the level identical to the urinary bladder (Control). We then elevated and hold the volume reservoir at the level 16 cm higher than the urinary bladder, and this maneuver caused firing in the electromyogram activity (BD). Anal stretch with a distance of 12 mm attenuated and eventually abolished the firing caused by bladder distension (BD+D12).
DISCUSSION
In this in vivo animal study, we make the first direct demonstration that acute anal stretch may abolish NMDA-dependent repetitive stimulation-induced pelvicurethra reflex potentiation, which is presumed to be involved in the development of urethra hyperactivity. In addition, pharmacological tests showed that intrathecal injection of low dose bicuculline and NMDA both counteracted the abolition on the reflex potentiation caused by the anal stretch. These data suggest acute anal stretch may reflexively inhibit NMDA-dependent reflex potentiation via GABA A -ergic neurotransmssion at the spinal cord level. Arising from the puborectalis muscle, external urethra sphincter innervated by the perineal branch of the pudendal nerve and external anal sphincter innervated by the rectal branch of the pudendal nerve, are both striated muscles. In addition to voluntarily contract or relax while the other does not, both of these muscles reflexively contract or relax simultaneously (Shafik, 1991) . Electophysiological evidences demonstrated the basal activity of the external urethral sphincter was altered by electric stimulation of the external anal sphincter in the healthy volunteers (Shafik 1992 ). In addition, vigorous distension of anal sphincter leaded to inhibition of urethra and anal sphincter activity in most spinal cord injured patients (Rodriquez and Awad, 1979) . Furthermore, recent study investigating urodynamic responses to anal stretch in patients with detrusor-sphincter dyssynergia also revealed that anal distension for 30 sec could significantly reduced the spasticity of external urethra sphincter without affecting the detrusor pressure (Huang et al., 2008) . Not only the reflex activity of the urethra itself, in this study we demonstrated anal distension attenuated and eventually abolished the pelvic-urethra reflex potentiation, an novel 16 form of activity-dependent reflex potentiation, in a dose dependent manner. This result implying anal stretch may also modulate the activity-dependent physiological/pathological response of the urethra via cross-organ innervation at the lumbosacral spinal cord levels.
GABA, which is readily accepted as a vital inhibitory neurotransmitter (Bowery and
Incomplete bladder emptying in patients with detrusor-sphincter dyssynergia is often related to an increase in the external urethra sphincter activity during detrusor contraction. Such a dyssynergic sphincter contraction increases outlet resistance, which in turn contributes to an increased intravesical pressure and residual urine (Wu et al., 1986) . In the present study, cystometric investigation demonstrated that anal distension may abolish the electromyogram activity of the urethra induced by bladder distension. These data offer neurophysiological evidence that anal distension can be an effective way to relax external urethra sphincter when the urinary bladder was filled, and may be used as an adjunct to assist voiding in patients with detrusorsphincter dyssynergia. In addition, GABAergic neurotransmission seem to be a possible adjuvant therapeutic target for the treatment of voiding dysfunction caused by dyssynergic or overactive sphincter.
In summary, the results in this study demonstrated that anal stretch might abolish the repetitive stimulation-induced potentiation in the pelvic-urethra reflex, which is presumed to be essential for establishing urethra resistance. These data offer neurophysiological evidence that anal stretch can be an effective way to relax overactive external urethra sphincter. In addition, GABAergic inhibitory neurotransmission is important in the neural mechanisms underlying external urethra sphincter activity inhibited by anal stretch. 
Figure Legends
